The incidence of sustained bundle branch reentrant (BBR) tachycardia as a clinical or induced arrhythmia or both continues to be underreported. At our institution, BBR has been the underlying mechanism of sustained monomorphic ventricular tachycardia in approximately 6% of patients, whereas mechanisms unrelated to BBR were the cause in the rest. Data gathered from 20 consecutive patients showed electrophysiologic characteristics that suggest this possibility. These include induction of sustained monomorphic tachycardia with typical left or right bundle branch block morphology or both and atrioventricular dissociation or ventriculoatrial block. On intracardiac electrograms, all previously published criteria for BBR were fulfilled, and in addition, whenever there was a change in the cycle length of tachycardia, the His to His cycle length variation produced similar changes in ventricular activation during subsequent complexes with no relation to the preceding ventricular activation cycles. Compared with patients with ventricular tachycardia due to mechanisms unrelated to BBR, patients with BBR had frequent combination of nonspecific intraventricular conduction defects and prolonged HV intervals (100% vs. 11%, p <0.001). When this combination was associated with a tachycardia showing a left bundle branch block pattern, BBR accounted for the majority compared with mechanisms unrelated to BBR (73% vs. 27%, p< 0.01). The above finding in patients with dilated cardiomyopathy should raise the suspicion of sustained BBR because dilated cardiomyopathy was observed in 95% of the patients with BBR. Twelve of the 20 patients were treated with antiarrhythmic agents, and the other eight were managed by selective catheter ablation of the right bundle branch with electrical energy. Our data suggest that sustained BBR is not an uncommon mechanism of tachycardia; it can be induced readily in the laboratory and is amenable to catheter ablation by the very nature of its circuit. The clinical and electrophysiologic features outlined in this study should enable one to correctly diagnose this important arrhythmia. (Circulation 1989;79:256-270) M acroreentry within the His-Purkinje system commonly referred to as bundle branch reentry (BBR) is a frequently observed phenomenon in the laboratory.1-3Although scattered cases of sustained BBR tachycardia have been reported, no large series dealing with this phenomenon exists in the literature.4-11 The incidence of BBR as a mechanism of sustained ventricular tachycardia (VT), therefore, continues to be underreported in the literature, and consequently, there is less awareness of sustained BBR tachycardia as a significant clinical arrhythmia.
The incidence of sustained bundle branch reentrant (BBR) tachycardia as a clinical or induced arrhythmia or both continues to be underreported. At our institution, BBR has been the underlying mechanism of sustained monomorphic ventricular tachycardia in approximately 6% of patients, whereas mechanisms unrelated to BBR were the cause in the rest. Data gathered from 20 consecutive patients showed electrophysiologic characteristics that suggest this possibility. These include induction of sustained monomorphic tachycardia with typical left or right bundle branch block morphology or both and atrioventricular dissociation or ventriculoatrial block. On intracardiac electrograms, all previously published criteria for BBR were fulfilled, and in addition, whenever there was a change in the cycle length of tachycardia, the His to His cycle length variation produced similar changes in ventricular activation during subsequent complexes with no relation to the preceding ventricular activation cycles. Compared with patients with ventricular tachycardia due to mechanisms unrelated to BBR, patients with BBR had frequent combination of nonspecific intraventricular conduction defects and prolonged HV intervals (100% vs. 11%, p <0.001). When this combination was associated with a tachycardia
showing a left bundle branch block pattern, BBR accounted for the majority compared with mechanisms unrelated to BBR (73% vs. 27%, p< 0.01). The above finding in patients with dilated cardiomyopathy should raise the suspicion of sustained BBR because dilated cardiomyopathy was observed in 95% of the patients with BBR. Twelve of the 20 patients were treated with antiarrhythmic agents, and the other eight were managed by selective catheter ablation of the right bundle branch with electrical energy. Our data suggest that sustained BBR is not an uncommon mechanism of tachycardia; it can be induced readily in the laboratory and is amenable to catheter ablation by the very nature of its circuit. The clinical and electrophysiologic features outlined in this study should enable one to correctly diagnose this important arrhythmia. (Circulation 1989; 79:256-270) M acroreentry within the His-Purkinje system commonly referred to as bundle branch reentry (BBR) is a frequently observed phenomenon in the laboratory.1-3Although scattered cases of sustained BBR tachycardia have been reported, no large series dealing with this phenomenon exists in the literature.4-11 The incidence of BBR as a mechanism of sustained ventricular tachycardia (VT), therefore, continues to be underreported in the literature, and consequently, there is less awareness of sustained BBR tachycardia as a significant clinical arrhythmia.
In this study, we present our data from 20 consecutive patients in whom sustained BBR as a state and who were not receiving antiarrhythmic agents except one patient who received amiodarone for 1 month before admission to our institution. Multipolar electrode catheters were percutaneously introduced through the antecubital or femoral veins or both and positioned in the high right atrium for recording and pacing the right atrium, across the tricuspid valve for recording His bundle or right bundle electrograms or both, and in the right ventricle apex for recording and pacing the right ventricle. Three surface electrocardiographic leads (I, II, and V1), intracardiac electrograms (filtered at 30-500 Hz), and time lines were simultaneously displayed on a multichannel oscilloscope and recorded on a Honeywell magnetic tape (Denver, Colorado) for later reproduction. Ventricular pacing was performed with a digital stimulator at twice diastolic threshold. The magnitude and duration of the electrical impulses remained the same throughout the study. All equipment was grounded, and isolation units were used for electrical stimulation.
Programmed electrical stimulation was performed at no less than two constant basic cycle lengths and from two right ventricular sites with up to two extrastimuli. In addition, up to two extrastimuli were tested after an abrupt short-to-long cycle length change that is a routine method of VT induction in our laboratory.12 As a matter of routine, in this laboratory, single extrastimuli are tested first at constant cycle length and then during a short-to-long cycle length change. A similar sequence is also maintained when two extrastimuli are used. When the above did not induce sustained VT, three extrastimuli were delivered at two constant cycle lengths from the two right ventricular sites. Three extrastimuli were not tested during a short-to-long cycle length change. Inducibility of supraventricular tachycardias and atrioventricular block in the His-Purkinje system with atrial pacing was also assessed in all patients except those in atrial fibrillation. All pertinent conduction and refractory period intervals were measured as a part of the routine electrophysiologic study and have been previously published. 13 From the moment a sustained monomorphic VT was induced, particular attention was paid to the following. 1) Did the VT have a typical left or right bundle branch block pattern? 2) Quality and reliability of recordings showing the His or right bundle branch potentials or both were maintained. This was to ensure that the disappearance of His bundle deflection during a wide QRS tachycardia was not due to poor quality of tracings.
3) The tachycardia cycle length was carefully measured beat by beat until the arrhythmia became stable, that is, variation of 10 msec or less, and then again before and during termination. 4) Because the His or right bundle potentials or both typically precede the QRS complexes in all of these cases, the relation between the consecutive HH (or right bundle to right bundle branch) intervals with the preceding and succeeding RR intervals was carefully analyzed. Similarly, the HV interval was also 
Results
Of the 285 patients with inducible sustained monomorphic VT analyzed between January 1980 and December 1987, 17 were diagnosed as having BBR, which is an incidence of 6.0%. Among the 285 patients, the underlying structural heart disease was atherosclerosis in 240, idiopathic dilated cardiomyopathy in 22, and a variety of underlying causes in the remaining 23. Three additional patients that were studied elsewhere were referred to us for further treatment, and these were already diagnosed as having sustained BBR tachycardia. These 20 patients, therefore, form the basis of this study.
Clinical Characteristics
Among the 20 patients, 18 were men and two were women ranging in age from 32 to 81 years (mean, 61.4 ± 12 years). All patients had cardiac enlargement (all four chambers in 16 and only left heart in four patients), confirmed by echocardiography and cardiac catheterization. The underlying structural heart disease was atherosclerosis with previous myocardial infarction in 11, but in two of 11, the degree of The HV interval was prolonged in all patients with sustained BBR but in only 22 of 128 (17%) patients with sustained VT due to mechanisms not related to BBR. However, no direct evidence of intra-His delay in the form of wide, slurred, or split His bundle potentials was noted in patients with either the BBR or tachycardia not related to BBR. The HV intervals in patients with sustained VT not due to BBR from previous years were not available in all patients, and for this reason, the detailed analysis of intraventricular conduction was restricted to studies done during the last 3 years.
None of the patients with BBR had either a complete right or left bundle branch block pattern on resting ECG, whereas in patients with VT not related to BBR, preexisting complex right bundle branch block pattern occurred in 6% and left bundle branch block occurred in 3%. Nonspecific intraventricular conduction delay was observed in 63% of the patients with VT not related to BBR and in 100% of the patients with sustained BBR. A combination of nonspecific intraventricular conduction delay and prolonged HV interval was significantly more common in patients with sustained BBR (100%) compared with patients without BBR (11%, p <0.001). Eleven of the 136 patients had a combination of nonspecific intraventricular conduction delay, prolonged HV intervals, and a left bundle branch block pattern tachycardia, and in eight of the 11 patients, BBR was diagnosed, which is an incidence of 73%. On the other hand, eleven patients had intraventricular conduction delay, prolonged HV interval, and a right bundle branch block pattern tachycardia, and none had BBR as the mechanism (Table 2 ).
Tachycardia Initiation
The pacing methods that resulted in the initiation of sustained BBR are listed in Table 3 . The details are as follows.
Basic cycle length. As can be noted from the table, most inductions occurred during basic cycle lengths incorporating a sudden short-to-long change before the introduction of extrastimuli. This method of VT induction has been previously described and has been routinely used in our laboratory since 1982.12 In five patients (patients 5, 10, 14, 18, and 20) who were studied earlier, this pacing method was not used. In 10 patients, a short-to-long cycle length change was the only method of induction ( Figure 1 ). In six patients (patients 5, 10, 11, 14, 18, and 20), the tachycardia was initiated at either a constant basic cycle length of 600 or 400 msec, and in five of six patients, the short-to-long change was not even tested. When the constant cycle length and a short-to-long cycle length change were successful in inducing the tachycardia (the remaining patients), the BBR was initiated at longer coupling intervals with a short-to-long change. In three patients (patients 3, 15, and 18), another BBR tachycardia with a right bundle branch block pattern was induced. The induction method incorporated a shortto-long cycle length change while pacing from the left ventricle in one (patient 3), a constant cycle length with right ventricular pacing in one (patient 18), and an incremental atrial pacing in the remaining patient ( Figure 2 ). Aside from this latter patient, BBR could not be induced in any of the patients with either incremental atrial pacing or atrial extrastimulus technique. The shortest atrial cycle lengths resulting in 1:1 conduction through the atrioventricular node exceeded the cycle length of tachycardia by at least 50 msec in patients without atrial fibrillation. In none of the patients in this series was a block in the His-Purkinje system observed during electrophysiologic evaluation.
Number of premature beats. Single ventricular extrastimulus initiated sustained BBR (with a left bundle branch block pattern) in 16 of 20 (80%) patients ( Figure 1 ). In only one of these patients, the retrograde His deflection during the basic drive (i.e., HI) was identifiable. However, in all instances, the retrograde His bundle deflection (H2) emerged from the local V2 electrogram as the S1S2 interval was shortened, and there were measurable and progressive retrograde delays in the His-Purkinje system (S2H2). In three patients, an S3 (patients 5, 11, and 15) , and in only one patient (patient 1 (Table 4) . As indicated above, another QRS morphology with a typical right bundle branch block appearance was also observed in three patients.
The His bundle deflection in all patients preceded the QRS complex by HV intervals equal to or exceeding those during baseline rhythms (Table  4) .1,3 Whenever recordings were obtained from the right bundle or left bundle deflection, these deflections also preceded the QRS with an RB-V or LB-V interval or both greater than or equal to the baseline values ( Figures 1D and 3) . In (Figure 2) . A dissociation between atrial and His bundle, as well as ventricular activity, was clearly identifiable in all induced tachycardias.
At the beginning of tachycardia, the cycle length variation (in the first 10 cycles) could be accounted for by changes in the VH intervals (Figure iD) , whereas the HV intervals were usually constant. In all instances, however, the variations in the HH or RB-RB cycle length preceded the VV cycle length changes (Figures 1-3) . The relations of changes in consecutive HH cycles to changes in the succeeding and preceding VV cycle are depicted in Figure  4 It is apparent that correlation of changes in HH cycle lengths is excellent with the subsequent VV (Panels A and B), whereas there is no correlation with the pi-eceding VV intervals (Panels C and D). The data in Figure 4 are from all patients and from 23 tachycardias seen in this study. The high positive correlations in Panels A and B argue strongly against a myocardial origin of these tachycardias with incidental His bundle activation. Reinduction of tachycardias were attempted in all patients whenever the patient could tolerate the arrhythmia. On repeat induction, the same type of tachycardia (i.e., QRS boiifiguration and axis) and similar HV relations wele observed. The main electrophysiologic intervals measured during these tachycardias are depicted in Table 4 .
Spontaneous VT was documented in eight patients (rhythm strips in 6-and 12-lead ECG in two patients), and the induced tachycardias were of the same appearance in the corresponding leads. In the unmedicated state, the cycle length of the induced tachycardias was within 10 msec of spontaneously occurring VT.
Tachycardia termination. In situations where the tachycardia was well tolerated, isolated ventricular premature beats were induced for termination ( Figure 5 ). Tachycardia termination was accomplished whenever the induced extrastimulus encountered a block below the His bundle (i.e., no retrograde His bundle deflection). In most instances, however, overdrive termination was preferentially used because of hemodynamic collapse. The tachycardias were terminated with overdrive (from right ventricle) in 14 patients. Like single extrastimulus, the overdrive termination was successful in terminating the tachycardia only when the last stimulus failed to propagate to the His bundle ( Figure 5B ). In another five patients, some of the tachycardia episodes could be immediately terminated with overdrive pacing, but because of hemodynamic collapse, other episodes required direct current cardioversion when a quick termination was not accomplished with overdrive. The remaining four patients required prompt direct current cardioversion because of rapid hemodynamic collapse. Overdrive atrial pacing was tried in only one patient who had a well-tolerated tachycardia and was unsuccessful. In the patients in this series, an antegrade capture of the His bundle from dissociated atrial impulses was never noted (Figures 1-3, 6) .
Ventricular pacing at rapid rates equal to or exceeding the tachycardia rates did not result in a stable retrograde His bundle or right bundle deflection ( Figure 3B ). When rapid ventricular pacing produced a retrograde His bundle potential (usually at the onset of pacing), it had no consistent relation with the succeeding QRS complex, and HisPurkinje system accommodation quickly ensued.
Spontaneous termination of BBR occurred in only two patients with a left bundle branch block configuration tachycardia and was usually in the retrograde limb as indicated by the absence of His bundle deflection after the last V (Figures IC and  6B ). In one of these patients, an anterograde block between the His and right bundle recording sites ( Figure 6 , Panel A) terminated some episodes. Treatment and Follow-up Therapy consisted of antiarrhythmic agents in 12 patients (60%) ( and died of pump failure 6 days after the initial electrophysiologic study without tachycardia recurrence. The second patient refused to be retested and died suddenly at home, 35 days after hospital discharge. The remaining five patients received amiodarone after trying an average of three (range, 2-4) antiarrhythmic agents. Amiodarone prevented tachycardia induction in three patients, whereas two patients (patients 6 and 9) continued to have inducible VT related to BBR, albeit at slower rate. Percutaneous catheter ablation of the right bundle was successfully performed in the remaining eight patients, and not a single beat of BBR could be induced after right bundle ablation in these patients. 15 Follow-up period ranged from 6 to 2,985 days with a mean of 614±847 days. Eleven of the 12 patients who received antiarrhythmic agents were still taking these drugs at the time of death or follow-up. The remaining patient (patient 18), who had aortic valve replacement, had received amiodarone for 20 months. He spontaneously developed complete atrioventricular block in the His-Purkinje system, and the drug was discontinued. He received a permanent pacemaker, and subsequent electrophysiologic study did not result in the induction of VT related to BBR. None of the eight patients who underwent right bundle branch ablation subsequently received antiarrhythmic drugs.
Recurrent sustained VT attributed to BBR was observed in the two patients who had inducible tachycardia while receiving amiodarone. Ten patients (50%) died primarily because of low cardiac output (Table 5 ) without recurrence of bundle branch reentry tachycardia. Eight of the ten were from those who were treated with antiarrhythmic drugs. Two of the patients treated by right bundle ablation also died of progressive congestive heart failure. The mean baseline left ventricular ejection fraction in patients who underwent right bundle ablation and in the remaining 11 A
. (Figure 4) . A reverse of the Figure 5A ). Because of these reasons and the fact that noninducibility was achieved in 100% of the patients (eight of eight) with a localized ablation attempt, these tachycardias very likely were from BBR mechanisms.15 Of note, in this context, the tachycardia spontaneously ceased in the patient with aortic prosthesis when he developed atrioventricular block within the His-Purkinje system with progression of the His-Purkinje system disease.
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From the arguments above, ventricular tachycardia not related to BBR probably would not produce the patterns seen here. On the other hand, it will be more logical to consider tachycardias arising in or above the level of the His bundle because these will constitute more important differential diagnoses as detailed below.
Distinction From Atrioventricular Nodal Reentry With Retrograde Block
Intranodal reentry localized to part of the atrioventricular node with retrograde atrioventricular nodal block (and hence atrioventricular dissociation) particularly in the setting of atrial fibrillation would appear rather unlikely. To initiate intranodal reentry with V2, the impulse has to activate the His bundle twice, that is, once in the retrograde and then in the anterograde direction, and this was not observed during this study. 19, 20 Furthermore, in only one patient was the tachycardia initiated with atrial pacing, and even then, it was unrelated to atrioventricular nodal delays (Figure 2 ). Other arguments against atrioventricular nodal reentry include, first, relatively short cycle lengths of the tachycar-dia compared with the ability of the atrioventricular node to maintain 1: 1 response during either atrial pacing or spontaneous atrial fibrillation. Second, spontaneous or induced termination of tachycardia with impulses that terminated in the His-Purkinje system and, therefore, failed to reach the atrioventricular node would be unable to terminate a process localized within that structure. Third, H-RB sequence in many patients suggested His bundle activation retrogradely through one of the bundle branches and not the atrioventricular node; that is, with a left bundle branch block morphology tachycardia, the H-RB frequently measured less than the H-RB of baseline rhythm. From these data and the arguments already offered, there is little doubt that sustained BBR can be a mechanism of induced tachycardia. However, one may still argue whether these tachycardias were clinical or simply laboratory-induced phenomena.
In eight patients, clinical tachycardias were recorded, and the ECG appearance and rate were similar to the induced ones. Tracings in other patients were either not available or showed ventricular fibrillation, and sustained BBR was the only form of VT induced in the laboratory. In all patients, however, the serious symptoms previously experienced by the patient were noted during induced BBR despite the fact that patients were in the supine position and that quick termination of tachycardia was often accomplished. Of note, the sustained BBR tachycardias tend to be rapid and often produce serious symptoms, can be associated with rapid hemodynamic collapse, and can also lead to ventricular fibrillation. A 12-lead ECG of clinical VT due to BBR, therefore, is seldom recorded. Also, other arrhythmic causes such as block in the His-Purkinje system or rapid supraventricular tachycardia were not found to explain the serious symptoms experienced by these patients.
Of the 12 patients treated with drugs, eight died, of whom six died from pump failure (Table 5) . Two had VT recurrences, and one died suddenly, presumably from ventricular arrhythmias. The patient with the longest follow-up (2,985 days) was initially controlled with amiodarone, but his long-term success was due to development of spontaneous block within the His-Purkinje system because amiodarone was discontinued after 20 months. Excluding this patient, patients treated with antiarrhythmic drugs had a follow-up of 504 ± 754 days. For a comparable follow-up period of 414 ± 556 days in the eight patients treated with right bundle branch ablation, there were two deaths from congestive heart failure and no recurrence of VT.
Arrhythmogenic Substrate for Sustained Bundle Branch Reentry
In patients with normal intraventricular conduction, BBR is a self-terminating phenomenon. On the other hand, the presence of a complete right or left bundle branch block would not be expected to permit this type of reentry as also evidenced by its abolition with ablation of the right bundle branch. However, conduction delay in the His-Purkinje system without complete block would provide an ideal milieu for sustenance of BBR. It is, therefore, not surprising that all patients in this series had prolonged HV intervals, and one patient also had an incomplete right bundle branch block. In addition to the observed delays in the His-Purkinje system, some degree of intramyocardial conduction delay may also be playing an important role in facilitating BBR because transseptal intramyocardial conduction does constitute an essential part of the circuit. This would explain why HV prolongation and nonspecific intraventricular conductance delay were observed in nearly all of these patients. Nonetheless, critical degree of His-Purkinje system delays alone may be sufficient to cause sustained BBR as occurred in one patient with aortic valve prosthesis.
In this context, it is important to note that sustained BBR seems to be a relatively more common tachycardia in patients with idopathic dilated cardiomyopathy compared with patients with atherosclerotic heart disease (i.e., 8 of 22 vs. 11 of 240 patients; p < 0.001). These observations suggest that in association with idiopathic dilated cardiomyopathy, sustained BBR is a rather frequent cause of monomorphic VT (i.e., 36% of the patients) at least in our patient population.
Summary and Conclusions
Data from this series of patients indicate that sustained BBR is not an uncommon mechanism of sustained monomorphic VT, occurring in approximately 6% of the patients. It can be readily recognized by its typical bundle branch block pattern and His activation preceding the QRS with HV intervals approximating those during the baseline rhythms. The typical substrate appears to be abnormal His-Purkinje system conduction manifested by prolonged HV intervals and intramyocardial delay of conduction suggested by nonspecific intraventricular conduction delay. These requirements seem to be typically met in patients with dilated cardiomyopathy.
Why BBR is associated primarily with dilated cardiomyopathy is unclear. This issue obviously needs further exploration, but it is quite possible that a combination of intramyocardial and HisPurkinje system delays are more common in dilated cardiomyopathy compared with patients with previous infarct but no cardiac dilation. In any case, the present results and analysis of previously published studies indicate that sustained BBR is an important clinical arrhythmia in patients with dilated cardiomyopathy. Recognition of this clinical phenomenon is obviously important because effective nonpharmacologic therapy is available for these patients, and it would be preferable to pharmacologic therapy .15 This arrhythmia is most often initiated with a short-to-long cycle length change preceding a single extra stimulus and may not be noticed if such a technique is not used in the pacing protocol.
Note added in proof: Since the submission of this manuscript, three additional patients with sustained bundle branch reentry have been diagnosed at our institution. Two were treated with ablation of the right bundle, and the remaining patient was treated
